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Abstract 
Millions of single nucleotide polymorphisms (SNP) are now known in the chicken, but the ones that 
segregate may differ among populations. The current study characterized a simple method to 
simultaneously identify SNP in populations and to estimate allele frequencies by using relative peak 
heights of nucleotides in sequencing traces from DNA pools. In the first experiment, known concentration 
gradients of alleles were produced by measured admixture of DNA from highly inbred individual chickens. 
In the second experiment, pools of DNA from 100 individuals of each of 3 populations were produced, 
and the estimated frequencies were compared with those from genotyping of individuals sampled from 
the same populations. Linear relationships (slope = 0.93 to 1.02) were demonstrated between relative 
peak heights of nucleotide sequence traces and allelic frequency from both types of experimental 
samples. The correlation of frequency estimates from pools and individual genotyping was 0.917 to 
0.997. Therefore, relative peak heights of nucleotides in sequence traces from DNA isolated from blood 
pools provide accurate estimates of SNP frequencies of the population from which the pool individuals 
were sampled and can, therefore, increase efficiency of selecting SNP to genotype in specific populations. 
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GENETICS
Rapid Identification of Single Nucleotide Polymorphisms and Estimation
of Allele Frequencies Using Sequence Traces from DNA Pools
X. Ye,* S. McLeod,† D. Elfick,† J. C. M. Dekkers,* and S. J. Lamont*1
*Department of Animal Science and Center for Integrated Animal Genomics, Iowa State University, Ames 50011;
and †Aviagen Incorporated, Huntsville, AL 35805
ABSTRACT Millions of single nucleotide polymor-
phisms (SNP) are now known in the chicken, but the ones
that segregate may differ among populations. The current
study characterized a simple method to simultaneously
identify SNP in populations and to estimate allele fre-
quencies by using relative peak heights of nucleotides in
sequencing traces from DNA pools. In the first experi-
ment, known concentration gradients of alleles were pro-
duced by measured admixture of DNA from highly in-
bred individual chickens. In the second experiment, pools
of DNA from 100 individuals of each of 3 populations
were produced, and the estimated frequencies were com-
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INTRODUCTION
Almost 3 million single nucleotide polymorphisms
(SNP) have been identified in the chicken genome by
comparison of the sequences of 3 highly divergent breeds
of chicken (broiler, layer, and Chinese silkie) with that of
the Red Jungle Fowl (Wong et al., 2004). This information
improves the ability to utilize SNP to identify genes and
markers that affect economically important traits. How-
ever, only a specific subset of SNP may exist in any spe-
cific population. Therefore, easy and cost-effective meth-
ods for preselection of the segregating SNP to be used in
large-scale individual genotyping and association studies
will make genotyping more efficient.
The selection of SNP for more intensive investigation
can be performed by determining SNP allele frequencies
from DNA pools of a population or of pheno-groups
within a population. Several technological platforms have
been used to estimate allele frequencies from DNA pools,
such as spectrometry, capillary-based single-strand con-
formation polymorphism (SSCP), real-time quantitative
PCR, pyrosequencing, and sequencing.
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pared with those from genotyping of individuals sampled
from the same populations. Linear relationships (slope =
0.93 to 1.02) were demonstrated between relative peak
heights of nucleotide sequence traces and allelic fre-
quency from both types of experimental samples. The
correlation of frequency estimates from pools and indi-
vidual genotyping was 0.917 to 0.997. Therefore, relative
peak heights of nucleotides in sequence traces from DNA
isolated from blood pools provide accurate estimates of
SNP frequencies of the population from which the pool
individuals were sampled and can, therefore, increase
efficiency of selecting SNP to genotype in specific popu-
lations.
The spectrometry-based approach estimates allele fre-
quencies using relative allelic gel-band intensity (Khatib
et al., 1994; Lipkin et al., 1998). The capillary-based SSCP
method postlabels PCR products with fluorescent dyes
and quantifies them with an automated capillary electro-
phoresis system under SSCP condition (Sasaki et al.,
2001). These 2 approaches involve postPCR processing
and need prior information about SNP. The real-time
quantitative PCR method uses fluorescent allele-specific
probes or primers and real-time monitoring of allele-spe-
cific signal during amplification for allele detection and
quantification (Breen et al., 2000; Germer et al., 2000; Xiao
et al., 2003). The pyrosequencing-based method employs
a 4-enzyme mixture reaction to determine allele frequen-
cies by detecting real-time pyrophosphates released from
SNP nucleotides during amplification (Gruber et al., 2002;
Lavebratt et al., 2004). For the real-time PCR method and
the pyrosequencing method, no gel electrophoresis is
needed, but SNP must be known in advance. Politte et al.
(1998) developed a parametric model with a least squares
optimization algorithm to fit unprocessed sequence traces
for determination of allele frequency. However, this
method requires trace data from 1 or 2 homozygous indi-
viduals as a reference to estimate allele frequencies from
DNA pools. Khatib (2004) reported on estimation of allele
frequencies directly using sequence traces from DNA
pools and found generally good agreement between esti-
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Figure 1. Estimation of single nucleotide polymorphism allele fre-
quencies. The sequence trace shows the peaks of nucleotide T and C
at a single position from a DNA pool. X and y are the absolute peak
heights for nucleotide T and C, respectively. The relative peak height
of nucleotide (or allele) T is equal to x/(x+y), and that of C is y/(x+y).
mated allele frequencies from DNA pools and true allele
frequencies from direct genotyping of individuals.
One main characteristic of the previously reported
methods is the use of the same animals for construction
of DNA pools and for the verification step by individual
genotyping. In the current study, a method was character-
ized to simultaneously identify SNP in target genomic
regions and estimate SNP allele frequencies by using rela-
tive peak heights of nucleotides in sequence traces from
a DNA pool. It was further demonstrated that this method
was robust over the use of different animals sampled
from the same populations for construction of the DNA
pools and for the individual genotyping.
MATERIALS AND METHODS
Experiment 1: Relationship Between
Relative Peak Height of Nucleotide
in Sequence Trace from a Synthetic
DNA Pool and the SNP Allele Frequency
Six concentration-gradient DNA pools (25 ng/L) were
constructed using 2 individual DNA samples from 2
highly inbred chicken lines, which were known homozy-
gotes for 3 characterized SNP. The relative amount of
DNA for 1 individual from 1 line (i.e., frequency of 1
allele for a SNP) was 0, 20, 40, 60, 80, or 100% of total
DNA in pools 1 to 6. Each of these DNA pools (termed
synthetic DNA pools) was specifically amplified, purified
by using Microcon kit (Millipore, Billerica, MA) and se-
quenced by ABI 377 (Applied Biosystems, Foster City,
CA) separately for the 3 SNP. The SNP allele frequencies
were determined by measuring relative peak heights of
the 2 allelic nucleotides at their position in a sequence
trace from the synthetic DNA pool (Figure 1). The relative
peak height of a nucleotide at the polymorphic site in a
sequence trace from a simulated DNA pool was regressed
on the actual relative amount of DNA (allele frequency)
in the synthetic pool.
Experiment 2: Identification of SNP
and Determination of Allele Frequencies
from DNA Pool Constructed with
Large Number of Individual Samples
The relationship between the relative peak height of a
nucleotide in a sequence trace from a DNA pool and SNP
allele frequency was further evaluated by using large
sample sets from 3 broiler chicken lines and for 12 gene
fragments with a total of 16 SNP.
Identification of SNP and Determination of Allele
Frequencies from DNA Pools. Individual blood samples
were taken from 100 males from each of 3 commercial
broiler chicken lines. One DNA pool was prepared for
each line from a red blood cell (RBC) pool. To facilitate
the combination of equal contributions from each bird,
the pooling was conducted with 5% RBC suspensions;
then DNA was isolated from the pooled RBC. This choice
has the advantages of ease and accuracy of handling
larger volumes of liquid suspensions (washed RBC) than
isolated DNA, and the blood suspensions can be more
readily made homogeneous. Additionally, fewer samples
of DNA must be isolated. First, individual blood samples
were each mixed with anticoagulant, washed thrice with
PBS, and then suspended to a 5% RBC suspension in PBS
for each individual. Next, an RBC pool for each line was
made by combining 50 L of the 5% RBC solution suspen-
sion from each individual sample. From each line’s RBC
pool, the DNA were extracted and dissolved in Tris-
EDTA buffer (10 mM Tris-HCl and 1 mM EDTA buffer
with pH 7.0).
Gene-specific primers were used to PCR-amplify a spe-
cific region of each gene, and the PCR product was se-
quenced by ABI 377. The SNP were identified, and SNP
allele frequencies were estimated based on sequence trace
from DNA pool in each line, as described in the previ-
ous section.
Determination of Allele Frequencies from Individual
Genotyping. The SNP found in the previously described
step were genotyped using PCR-RFLP for 45 to 47 indi-
viduals of each line. The individuals were randomly sam-
pled from the same lines and generation as those used
for construction of the DNA pools, although they were
not necessarily the same individuals used for the DNA
pool production. The relationship between the true popu-
lation allele frequencies (estimated from individual geno-
types in each line) and the estimated allele frequencies
from the DNA pool was examined using regression.
RESULTS AND DISCUSSION
In the synthetic DNA pools produced from combining
DNA from 2 different inbred birds, relative peak height
of allelic nucleotide was highly correlated (0.997) and
had a linear relationship (slope = 1.02) with allelic DNA
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Figure 2. Relationship between relative peak height of a nucleotide
and relative amount of DNA with a specific allele in the DNA pool for
3 single nucleotide polymorphisms (SNP).
concentration (allele frequency; Figure 2). The SD of dif-
ferences between estimated and true frequencies was
0.031.
Estimated allele frequencies from the DNA pools pro-
duced from combining 100 samples per line had a correla-
tion of 0.917 and a linear relationship (slope = 0.93) with
estimates from individual genotyping (Figure 3). The SD
of differences between DNA pool and individual geno-
typing estimates was 0.099. The correlation between esti-
mated frequencies from the DNA pool and from individ-
ual genotyping is expected to be even higher if the same
individuals had been used in both instances.
Figure 3. Relationship between actual allele frequencies from individ-
ual genotyping and estimated allele frequencies from DNA pools.
Therefore, in 2 experiments, a linear relationship was
demonstrated between SNP allele frequencies and rela-
tive nucleotide peak heights in sequence traces from DNA
pools, and also that a population’s allele frequency can
be estimated using relative nucleotide peak heights from a
pool from which that population was derived. Therefore,
estimation of SNP allele frequencies from DNA pools
using relative peak heights of nucleotides in sequence
traces is an accurate and efficient method to estimate
SNP frequencies in the population from which the pool
individuals were sampled. This technique may increase
the efficiency and lower the expense of SNP genotyping
studies by providing an accurate, rapid, and economical
profile of SNP allele frequencies of the populations un-
der study.
In the current study, different individual samples were
used for constructing DNA pools and for individual geno-
typing. In most other research on estimation of allele
frequencies from DNA pools, the same set of individual
samples is used for both individual and pooled DNA
typing (Germer et al., 2000; Gruber et al., 2002; Xiao et
al., 2003; Khatib, 2004). A unique feature of the current
study is that the efficiency and feasibility of estimating
allele frequencies using sequence traces from DNA pool is
demonstrated to be robust over the sampling of different
individuals within the same population.
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